
Specification TITLE OF INVENTION: GAS SUPPLY DEVICE Technical Field [0001]
The present invention relates to a gas supply device that vaporizes
material liquid to supply resultant vaporized gas at a predetermined flow
rate. Background Art [0002]        As this sort of gas supply device A100,
Patent literature 1 discloses, as illustrated in Figs. 6 and 7, one in
which a tank Al retaining material liquid M is provided with a material
liquid introduction pipe for introducing the material liquid M and a
generated gas lead-out pipe that leads out vaporized gas, and the generated
gas lead-out pipe is connected to a mass flow controller A2 to control a
flow rate of the vaporized gas. [0003]        The gas supply device A100 is
adapted to heat and vaporize the material liquid in the tank by a heater
provided around the tank, and also heat the mass flow controller A2 by
another heater to thereby prevent the vaporized gas from being liquefied
again. [0004]        However, in the gas supply device A100 as disclosed in
Patent literature 1, the generated gas lead-out pipe is thought to be
brought to a constant temperature by heat transfer from the tank or the
mass flow controller, and therefore not particularly provided with heating
means such as a heater, and thereby in practice, due to a change in
temperature around the pipe, the gas may be liquefied. For this reason, gas
generation efficiency may be reduced to perform very inefficient operation.
[0005]        In order to address such a problem, it is thought that the
pipe itself is heated to prevent the gas from being liquefied in the
generated gas lead-out pipe; however, a location to install a heater is
added to increase cost, which is not practical. 



[0006]        Also, the tank and the mass flow controller are provided with
being separated from each other by the generated gas lead-out pipe, so that
an installation area for a whole of the device is increased, and therefore,
depending on layout or the like of a factory, it may be difficult to
install such a gas supply device. Citation List Patent Literature  [0007]
Patent literature 1: JPA 2003-332327 Summary of the invention Technical
Problem [0008]        The present invention is made in consideration of the
above-described problems, and has an object to provide a gas supply device
having a compact configuration that enables vaporized gas to be prevented
by requisite minimum heating means from being liquefied again and an
installation area to be considerably reduced. Solution to Problem [0009] 



That is, a gas supply device of the present invention is provided with: a
tank configured to retain material liquid and heat the material liquid; and
a mass flow controller configured to be connected to an inside of the tank
through a first valve unit and controls a flow rate of gas resulting from
vaporizing the material liquid, wherein: the first valve unit is configured
to have a first valve body that is directly attached onto an outer wall
surface of the tank and formed with a first inlet port and a first outlet
port on one surface, and a first valve that is provided inside the first
valve body, and connected to the first inlet port and the first outlet
port; and inside an outer wall of the tank, an internal flow path is
formed, and the internal flow path is provided with a generated gas
lead-out line that is provided with a first valve flow-in flow path that
makes a connection between the inside of the tank and the first inlet port,
and a first valve flow-out flow path that makes a connection between the
first outlet port and an introduction port of the mass flow controller.
[0010]        If so, it is conventionally thought that a valve for
completely stopping the gas vaporized from the tank flowing into the mass
flow controller has to be provided in piping between the tank and the mass
flow controller, and therefore the idea that the piping such as a pipe
between the tank and the mass flow controller is eliminated is not present,
whereas, as in the present invention, only by providing the internal flow
path inside the outer wall of the tank, and also directly attaching the
first valve unit onto the outer wall surface, the piping such as a pipe can
be eliminated. For this reason, the tank and the mass flow controller can
be brought close to each other, or directly attached to each other, which
can produce effects of compactification and thermally substantial
unification, resulting in preventing the gas from being liquefied. [0011]
In other words, the tank, the first valve unit, and the mass flow
controller are mutually connected by the internal flow path formed inside
the outer wall of the tank to make piping exposed to the outer air short,
and therefore a problem that the vaporized gas is liquefied by the piping
cooled by a change in ambient temperature, or the like can be prevented
from occurring. [0012]        Note that closely attaching the mass flow
controller onto the outer wall surface of the tank is a concept including
directly attaching the mass flow controller onto the outer wall surface
through a joint or the like. As a distance to which the mass flow
controller and the outer wall surface are brought close to each other, for
example, a distance that achieves heat transfer efficiency by which the
mass flow controller and tank are brought to substantially the same
temperature within a predetermined time is cited. [0013]        Also, the
first valve unit and the mass flow controller can be directly attached onto
the outer wall surface of the tank, so that the tank, the first valve unit,
and the mass flow controller are thermally substantially unified, and
therefore only by heating any one point, all of the members can be kept at
a substantially uniform temperature. Accordingly, only by requisite minimum
heating means, the vaporized gas can be prevented by being liquefied again.
In addition, inside the outer wall of the tank, the internal flow path
provided with the generated gas lead-out line is formed, so that even a
flow path that is supposed to be not temperature-controlled can be
temperature-controlled through the tank or the like, and therefore the
vaporized gas can be further prevented from being liquefied again. [0014]
Further, onto the outer wall surface of the tank, the first valve unit and
the mass flow controller can be directly attached, so that an additional
installation area arising due to the separation between the respective
members by an amount corresponding to conventionally present pipes can be
eliminated, and therefore the gas supply device can be made very compact.
[0015] 



To eliminate pipes for introducing the material liquid to the inside of the
tank as much as possible to configure the gas supply device to be more
compact, the gas supply device is only required to be further provided with
a second valve unit that is directly attached onto the outer wall surface
of the tank, wherein: the internal flow path is further provided with a
material liquid introduction line for introducing the material  liquid to
the inside of the tank; the second valve unit is configured to have a
second valve body that is formed with a second inlet port and a second
outlet port, and a second valve that is provided inside the second valve
body and connected to the second inlet port and the second outlet port; and
the material liquid introduction line is provided with a second valve
flow-out flow path that makes a connection between the second outlet port
and the inside of the tank. [0016]        As a more preferred embodiment to
advance compactification, one in which the second valve unit is formed with
the second inlet port and the second outlet port on one surface of the
second valve body, and the material liquid introduction line is further
provided with a second valve flow-in flow path that makes a connection
between a material liquid introduction port formed on the outer wall
surface of the tank and the second inlet port is cited. [0017]        To
eliminate a pipe for introducing purge gas for purging residual gas at the
time of replacing the mass flow controller or on another occasion to make
the gas supply device compact, the gas supply device is only required to be
further provided with a third valve unit attached onto the outer wall
surface of the tank, wherein: the internal flow path is further provided
with a purge gas introduction line for introducing the purge gas; the third
valve unit is configured to have a third valve body formed with a third
inlet port and a third outlet port, and a third valve that is provided
inside the third valve body and connected to the third inlet port and the
third outlet port; and the purge gas introduction line is provided with a
third valve flow-out flow path that makes a connection between the third
outlet port and the generated gas lead-out line. [0018]        As more
preferred embodiment to achieve a compact configuration, one in which the
third valve unit is formed with the third inlet port and the third outlet
port on one surface of the third valve body, and the purge gas introduction
line is further provided with a third valve flow-in flow path that makes a
connection between a purge gas introduction port formed on the outer wall
surface of the tank and the third inlet port. [0019]        To enable gases
respectively having different flow rates to be supplied to a plurality of
processes, one provided with a plurality of generated gas lead-out lines is
cited, wherein each of the generated gas lead-out lines is connected with a
mass flow controller.  [0020] 



In order to make it easy to manage layout in a factory or the like, or make
a footprint smaller, the gas supply device is only required to have the
tank or the mass flow controller attached onto a gas panel. [0021]
To enable a pipe between a mass flow controller and a tank to be eliminated
in a gas supply device, and the gas supply device to be compactified and
have improved heat transfer, the tank is only required to retain material
liquid and heat the material liquid in the gas supply device, and be
provided with a first valve unit that is configured to have a first valve
body that is directly attached onto an outer wall surface of the tank and
formed with a first inlet port and a first outlet port on one surface, and
a first valve that is provided in a flow path that makes a connection
between the first inlet port and the first outlet port, wherein inside an
outer wall of the tank, an internal flow path is formed, and the internal
flow path is provided with a generated gas lead-out line that is provided
with a first valve flow-in flow path that makes a connection between an
inside of the tank and the first inlet port, and a first valve flow-out
flow path for making a connection between the first outlet port and an
introduction port of the mass flow controller. Advantageous Effects of
Invention [0022]        As described, according to the gas supply device of
the present invention, inside the outer wall of the tank, the internal flow
path is formed, and also the first valve unit is attached onto the outer
wall surface in a location where the internal flow path is opened on the
outer wall surface, so that it is not necessary to provide, between the
tank and the mass flow controller, a pipe for providing the first valve
unit, and therefore the mass flow controller can be closely or directly
attached onto the outer wall surface of the tank. For this reason, a pipe
that makes a connection between the respective members can be prevented
from being exposed to outer air, and thereby the vaporized air can be
prevented from being liquefied due to a temperature change. Further, onto
the outer wall surface of the tank, the respective members can be directly
or closely attached, so that a whole of the gas supply device can be
configured to be compact and thermally substantially unified one, and
therefore, for example, even by temperature-controlling the tank, the whole
of the gas supply device can be kept at a uniform temperature to prevent
the gas from being liquefied. Brief Description of Drawings [0023]
[Fig. 1] Fig. 1 is a schematic perspective view of a gas supply device
according to one embodiment of the present invention.        [Fig. 2] Fig.
2 is a schematic perspective view illustrating an internal flow path of a
tank of the gas supply device in the same embodiment.        [Fig. 3] Fig.
3 is a schematic configuration diagram of each piece of equipment of the
gas supply device in the same embodiment.        [Fig. 4] Fig. 4 is a
schematic perspective view of a gas supply device according to another
embodiment. 



[Fig. 5] Fig. 5 is a schematic perspective view of a gas supply device
according to still another embodiment. [Fig. 6] Fig. 6 is a schematic
perspective view of a conventional gas supply device. [Fig.7] Fig. 7 is a
schematic perspective view of the conventional gas supply device.
Description of Embodiments [0024]        In the following, one embodiment
of the present invention is described referring to the drawings. Fig. 1
illustrates a perspective view illustrating an appearance of a gas supply
device 100 of the present embodiment, and Fig. 2 illustrates a schematic
diagram illustrating an internal configuration of a tank 1. [0025]
The gas supply device 100 in the present embodiment is one that is intended
to supply gas having a predetermined flow rate to a process chamber in a
semiconductor manufacturing line or the like, and as illustrated in Figs. 1
and 3, provided with: a tank 1 configured to retain material liquid M; and
three valve units and a mass flow controller 2 that are attached to outer
wall surfaces 11 of the tank 1. The gas supply device 100 is one in which
an inside of the tank 1 and the mass flow controller 2 are connected to
each other through one of the valve units 31, 32, and 33, and adapted to
heat the tank 1 with a heater to vaporize the material liquid M, and
control a flow rate of resultant vaporized gas with the mass flow
controller 2. [0026]        To describe a shape of the gas supply device
100 referring to Fig. 1, the tank 1 is of a substantially rectangular
parallelepiped shape; on the side surface thereof, the valve units each
having a cylindrical appearance are provided in line along a longer
direction of the tank 1; onto the upper surface of the tank 1 in Fig. 1, a
bottom part of the mass flow controller 2 having a substantially
rectangular parallelepiped shape is  



directly attached; and the mass flow controller 2 is protruded in the same
direction as a direction in which the valve units 31, 32, and 33 extend.
Also, the tank 1, valve units 31, 32, and 33, and mass flow controller 2
are configured to have substantially the same width in a shorter direction,
and as illustrated in Fig. 1, adapted to be thinner in the shorter
direction. [0027] Each of the components is described. [0028]        The
mass flow controller 2 is one that operates an opening degree of an
internal piezo valve or a solenoid valve so as to make a measured flow
rate, which is internally measured, equal to a setting flow rate, which is
preliminarily set. [0029]        Each of the valve units 31, 32, and 33 is,
as illustrated in Figs. 1 and 3, configured to have a rectangular
parallelepiped having a square-shape surface at the bottom thereof, and a
cylindrically shaped valve body 311, 321, or 331 at the top thereof, inside
which a valve 312, 322, or 332 that performs open/close operation with, for
example, a pivot valve or the like, is provided. Note that in this
specification, an actual operating portion is defined as a valve. One
surface of a bottom surface of each of the valve bodies 311, 321, and 331
directly attached onto the outer wall surface 11 of the tank 1 is formed
with: an inlet port 31i, 32i, or 33i through which fluid flows in; and an
outlet port 31o, 32o, or 33o through which the fluid flows out, and each of
the valves 312, 322, and 332 is configured such that, inside the valve body
311, 321, or 331, a flow path is formed so as to be connected to the inlet
port 31i, 32i, or 33i and the outlet port. In the present embodiment, in an
after-mentioned part where a part of the tank 1 has a flat surface, the
respective valve units 31, 32, and 33 are collectively attached. [0030]
The tank 1 is a block body having the substantially rectangular
parallelepiped shape, inside which a cylindrically shaped space is formed,
and in the space, the material liquid M is retained. Inside an outer wall
of the tank 1, as illustrated in Fig. 2, an internal flow path 13 is formed
by boring a hole in the block body with a drill or the like. The internal
flow path 13 is provided with: a generated gas lead-out line Gout for
leading out the gas vaporized in the internal space 12 of the tank 1 to the
mass flow controller 2; a material liquid introduction line Min for
introducing the material liquid M into the internal space 12 of the tank 1;
and a purge gas introduction line Pin for introducing purge gas that purges
residual gas at the time of replacing the mass flow controller 2, or on
another occasion. [0031]        Each of the lines of the internal flow path
13 is described. In the following description, the three valve units
illustrated in the perspective view of Fig. 1 are described with being
related to descriptions in claims, i.e., sequentially from above in the
perspective view, a first valve unit 31, a third valve unit 33, and a
second valve unit 32. Note that the first, second, and third valve units
31, 32, and 33 are respectively associated with the generated gas lead-out
line Gout, material liquid introduction line Min, and purge gas
introduction line Pin. In addition, the first and third valve units 31 and
33 are configured such that the gases mainly flow therethrough,
respectively, and the second valve unit 32 is configured such that the
liquid mainly flows therethrough. [0032]        The generated gas lead-out
line Gout is, as illustrated in Figs. 2 and 3, provided with: a first valve
flow-in flow path 131 that makes a connection between the inside of the
tank 1 and the first inlet port 31i of the first valve unit 31; and a first
valve flow-out flow path 132 that makes a connection between the first
outlet port 31o of the first valve unit 31 and an introduction port of the
mass flow controller 2. 



[0033]        The first valve flow-in flow path 131 is, in Fig. 2, formed
by boring a hole from the side surface of the tank 1 where the respective
valve units are attached to the internal space 12 of the tank 1, and the
first valve flow-out flow path 132 is formed by boring a hole from the
upper surface of the tank 1 in the longer direction, and in such a way as
to intersect with the hole, boring a hole vertically from an upper part of
the side surface. [0034]        The material liquid introduction line Min
is, as illustrated in Figs. 2 and 3, provided with: a second valve flow-in
flow path 133 that makes a connection between a material liquid
introduction port MH formed on a bottom surface that is a surface facing to
the surface attached with the mass flow controller 2 and the second inlet
port 32i of the second valve unit 32; and a second valve flow-out flow path
134 that makes a connection between the second outlet port 32o of the
second valve unit 32 and the internal space 12 of the tank 1. [0035]
The second valve flow-in flow path 133 is, as illustrated in Fig. 2, formed
by boring a hole from the bottom surface of the tank 1 in the longer
direction, and in such a way as to intersect with the hole, boring a hole
vertically from a lower part of the side surface. The second valve flow-out
flow path 134 is formed by boring a hole  vertically from the side surface
to open into the internal space 12. [0036]        The purge gas
introduction line Pin is, as illustrated in Figs. 2 and 3, provided with: a
third valve flow-in flow path 135 that makes a connection between a purge
gas introduction port PH formed on the bottom surface and the third inlet
port 33i of the third valve unit 33; and a third valve flow-out flow path
136 that makes a connection between the third outlet port 33o of the third
valve unit 33 and the first valve flow-out flow path 132 constituting the
generated gas lead-out line Gout. [0037]        The third valve flow-in
flow path 135 is, as illustrated in Fig. 2, formed by boring, in the longer
direction, a hole from the purge gas introduction port formed on the bottom
surface, and in such a way as to intersect with the hole, boring a hole
vertically from a central part of the side surface. The third valve
flow-out flow path 136 is formed by boring a hole from the side surface in
such a way as to intersect with the first valve flow-out flow path 132.
[0038] 



As described above, it is configured that inside the outer wall of the tank
1, the internal flow path 13 is formed, and onto the outer wall surfaces 11
of the tank 1, the respective valve units and the mass flow controller 2
can be directly attached. [0039]        Thus, according to the gas supply
device 100 of the present embodiment, the internal flow path 13 is formed
inside the outer wall, and also the respective valve units are directly
attached onto the outer wall surfaces 11 with respect to the tank 1, so
that it is not necessary to provide piping such as a pipe between the tank
1 and the mass flow controller 2. Accordingly, the tank 1 and the mass flow
controller 2 can be directly attached to each other, and therefore a whole
of the gas supply device 100 can be configured to be compact and also
thermally unified one. For this reason, by heating the tank 1 with the
heater, heat is sufficiently transferred even to the respective valve units
and mass flow controller 2 to be able to keep a sufficiently uniform
temperature in all of the components. Accordingly, the once vaporized gas
can be preferably prevented from being liquefied again to return to the
material liquid M, and therefore operating efficiency of the gas supply
device 100 can be considerably improved. [0040]        Also, piping that is
supposed to be exposed to surrounding outer air and act as one cause to
liquefy gas can be configured to be completely or almost prevented from
being exposed to the surrounding outer air, which makes it possible to more
easily  prevent the gas from being liquefied. [0041] Other embodiments are
described. [0042]        In the above-described embodiment, the internal
flow path is provided with the purge gas introduction line; however, for
example, in the case where replacement of the mass flow controller, or the
like, is hardly required, the internal flow path may not include the purge
gas introduction line. [0043]        Each of the second valve unit and
third valve unit is, on the bottom surface of the valve body, formed with
the inlet port and outlet port; however, at least only the outlet port may
be provided so as to be able to be in contact with the outer wall surface
of the tank 1. In such a case, the inlet port may be adapted to be
connected to the pipe through which the material liquid or purge gas flows.



[0044]        In the above-described embodiment, the tank is one having the
rectangular parallelepiped shape; however, the tank may have a shape having
a curved surface, such as a cylindrical shape. Also, in the case where the
tank has a shape having a curved surface, in order to make it easier to
attach each of the valve units or the mass flow controller, the outer wall
surface of the tank is preferably partially formed with a flat surface.
[0045]        A method for attaching the mass flow controller to the tank
may be one that directly attaches a housing of the mass flow controller
onto the outer wall surface of the tank. In this case, heat transfer
between the tank and the mass flow controller is significantly enhanced,
resulting in a preferred embodiment to, in particular, prevent the gas from
being liquefied. [0046]        Also, a joint may be present between the
mass flow controller and the tank, and they may be closely attached to each
other. In short, it is only necessary to eliminate the presence of a pipe
having a length enabling the gas to be liquefied between the tank and the
mass flow controller. In addition, on a connection surface between the tank
and the mass flow controller, an 0-shaped groove may be formed, and they
may be connected to each other so as to be able to be sealed with an
0-ring. [0047] Further, the tank and the mass flow controller may be
integrally shaped. In  this case, it becomes easier to control temperatures
of the respective members; however, it becomes difficult to perform
calibration of the mass flow controller, or the like. To prevent such a
problem, the mass flow controller and the tank are preferably configured to
be detachable. [0048]        In the above-described embodiment, the
material liquid introduction port and the purge gas introduction port are
provided on the bottom surface of the tank, which is a surface facing to
the mass flow controller; however, they may be provided in another
location. In light of easy formation of the internal flow path, and
preventing locations of other members from being blocked, it is preferable
to form the material liquid introduction port or the purge gas introduction
port on a surface other than the surface provided with the valve units or
the mass flow controller. [0049] 



The above-described embodiment is adapted to supply the gas through only
the one line; however, gases having different flow rates may be able to be
supplied through a plurality of lines. Specifically, as illustrated in Fig.
4, it is only necessary to provide a plurality of generated gas lead-out
lines Gout, and connect the mass flow controllers 2 to the respective
generated gas lead-out lines Gout. [0050]        Also, the respective
generated gas lead-out lines Gout may be respectively connected to
different internal spaces inside the tank, or all of the generated gas
lead-out lines Gout may be connected to and share a common internal space
inside the tank. [0051]        Further, as illustrated in Fig. 5, the tank
1 and mass flow controllers 2 of the gas supply device 100 may be attached
onto a gas panel GP. Note that the gas panel GP refers to a panel mounted
with pieces of gas equipment such as a meter, a mass flow controller, and a
valve. The gas supply device 100 may be configured such that the pieces of
gas equipment are first attached onto the gas panel GP, and then the
respective pieces of gas equipment are connected to each other through
pipes, or a gas flow-in port and a gas flow-out port of each piece of gas
equipment are directly connected to the panel, and through flow paths
formed inside the panel, gases flow through the respective pieces of gas
equipment. Also, the gas supply device 100 may be configured such that, by
connecting respective panels, the respective pieces of gas equipment can be
connected. In this embodiment, a back surface of the gas supply device 100
in the diagram is formed with a flat surface, so that the gas supply device
100 can be directly attached onto a flat surface of the gas panel, and also
a piece of gas  equipment other than the gas supply device 100 can be
easily connected to the gas panel. Also, the gas panel can minimize piping
that connects the respective pieces of gas equipment, and make it easier to
have visual contact with layout to arrange the respective pieces of gas
equipment within a minimum area, so that the gas panel can make the gas
supply device 100 easier to use as fluid control equipment, and decrease a
footprint (installation area) in a use location such as a factory. Also,
only the tank 1 may be configured to be attached onto the gas panel GP, or
only the mass flow controllers 2 may be configured to be attached onto the
gas panel. [0052]        Besides, unless against the scope of the present
invention, various modifications and combinations are possible. Industrial
Applicability [0053]        According to the present invention, a gas
supply device that can prevent pipes connecting respective members from
being exposed to outer air and also vaporized gas from being liquefied by a
temperature change can be obtained. Reference Signs List [0054] 



100: Gas supply device 1: Tank 11: Outer wall surface 13: Internal flow
path 2: Mass flow controller 31: First valve unit 32: Second valve unit 33:
Third valve unit Gout: Generated gas lead-out line Min: Material liquid
introduction line Pin: Purge gas introduction line GP: Gas panel  



Claims        1. A gas supply device comprising: a tank configured to
retain material liquid and heat the material liquid; and a mass flow
controller configured to be connected to an inside of the tank through a
first valve unit and control a flow rate of gas resulting from vaporizing
the material liquid, wherein:        the first valve unit is configured to
have a first valve body that is directly attached onto an outer wall
surface of the tank and formed with a first inlet port and a first outlet
port on one surface, and a first valve that is provided in a flow path that
makes a connection between the first inlet port and the first outlet port;
and        inside an outer wall of the tank, an internal flow path is
formed, and the internal flow path is provided with a generated gas
lead-out line that comprises a first valve flow-in flow path that makes a
connection between the inside of the tank and the first inlet port, and a
first valve flow-out flow path for making a connection between the first
outlet port and an introduction port of the mass flow controller.
2. The gas supply device according to claim 1, further comprising a second
valve unit that is directly attached onto the outer wall surface of the
tank, wherein:        the internal flow path is further provided with a
material liquid introduction line for introducing the material liquid to
the inside of the tank;        the second valve unit is configured to have
a second valve body that is formed with a second inlet port and a second
outlet port, and a second valve that is provided inside the second valve
body and connected to the second inlet port and the second outlet port; and
the material liquid introduction line comprises a second valve flow-out
flow path that makes a connection between the second outlet port and the
inside of the tank.         3. The gas supply device according to claim 1,
provided with a plurality of generated gas lead-out lines, wherein each of
the generated gas lead-out lines is connected with a mass flow controller.
4. The gas supply device according to claim 1, wherein the tank or the mass
flow controller is attached onto a gas panel.         5. A tank for a gas
supply device, the tank configured to retain material liquid and heat the
material liquid in the gas supply device, and comprising a first valve unit
that is configured to have a first valve body that is directly attached
onto an outer wall  surface of the tank and formed with a first inlet port
and a first outlet port on one surface, and a first valve that is provided
in a flow path that makes a connection between the first inlet port and the
first outlet port, wherein 



inside an outer wall of the tank, an internal flow path is formed, and the
internal flow path is provided with a generated gas lead-out line that
comprises a first valve flow-in flow path that makes a connection between
an inside of the tank and the first inlet port, and a first valve flow-out
flow path for making a connection between the first outlet port and an
introduction port of a mass flow controller. 


